Programmed cell death (PCD) or apoptosis is an highly conserved and physiologically a important phenomenon by which cells are committed to die (1,2). Apoptosis is a requisite for normal tissue turnover, for the proper development and maintenance of the immune system and for the elimination of virus-infected cells. Failure to appropriately regulate apoptosis may lead to suppression of cell death, resulting in some cases, in the development of malignancy, autoimmune disorders and viral infections whereas a loss of control over the process may lead to an excessive cell death as observed in acquired immunodeficiency and neurodegenerative diseases (1, 3, 4) . There is a considerable variation in the signals necessary to induce apoptosis in diverse cell types. Apoptosis can be induced or supressed in response to a variety of signals such as radiations, oxidative stress, transduced signals, cytotoxic drugs, tumor necrosis factor (TNF) and Fas ligand and in most instances is dependent on gene expression and protein synthesis in apoptotic cells (1, 5, 6) . TNF and FasL have emerged as one of the most potent apoptosis-inducing biomolecules being produced within the body.
TNF is a pleiotropic cytokine which is produced by many cell types including monocytes, macrophages and fibroblasts in response to inflammation and infections (6, 7) . TNF elicits a wide spectrum of organismal and cellular responses, including fever, shock, tissue injury, necrosis, induction of other cytokines and immunoregulatory molecules, cell proliferation, differentiation and apoptosis (8) , most of these responses being mediated via the interactions of TNF with its specific receptors (TNF). There are two types of TNF-R, namely TNFR-I and TNF-RII their expression being controlled by distinct mechanisms. TNF-RI is responsible for most of the biological properties including programmed cell death, antiviral activity and activation of the transcription factor NF-KB (9) . On the other hand the TNF-RII contribute to the cellular responses with distinct functional properties. The signal transduction pathway of TNF-induced apoptosis is still not very clear. In general different proteases have been found to playa vital role in the induction of apoptosis by various signals. The mammalian caspase ICE (interleukin I [3 converting enzyme) homologous to ced-3 belongs to the cysteine protease family. It plays a very important role in the regulation of apoptosis and inflammatory responses (10,11). This enzyme is derived from a 45 kDa proenzyme which is cleaved into two subunits of 10 and 20 kDa respectively. TNF induced apoptosis has been shown to be dependent on the activity of ICE (12, 13) . Although TNF is produced in significant amount by activated m<l> and these cells are also shown tom express TNF-R, it remains unclear if TNF can induce apoptosis in m<l> in an autocrine manner. This is important to investigate since mds have been shown to undergo activation dependent cell death, the mechanism of which, however, remains unclear.
In view of the above observation in the present investigation we were interested to investigate (1) the effect of TNF on the induction of apoptosis in murine peritoneal macrophages and (2) the same is ICE-dependent.
MATERIALS AND METHODS

Animal
Inbred strain of healthy BALB/c mice of either sex at 8 to 10 weeks of age were used to obtain peritoneal macrophages.
Reagents
All cell culture were miantained in RPMI 1640 supplemented with 10% heat inactived foetal calf serum (FCS), penicillin (l00 ug/ml), Streptomycin (100 I-Lg/ ml) and gentamycin, (20 ug/ml). RPMI 1640 and other chemicals were purchased from Sigma St. Louis Mo., USA. TNFa was purchased from the New Biological lab (U.K.). ICE inhibitor (Tetrapeptide-Acetyl-TryVal-Ala-Asp-Chloromethyl-ketone (YVAD-cmk) was purchased from Bachem (Bibendorf, Switzerland).
Isolation of Macrophage
Macrophage monolayer was prepared by a standard method. Peritoneal exudate cells were harvested by peritoneal lavage using chilled serum free culture media RPMI 1640. PEC (2xI0 5 ) were added to each of96 well flat bottom culture plate (Tarsons, Calcutta, India). After 2 h of incubation at 37°C in a CO 2 incubator, non-adherent cells were removed by washing three times with warm culture medium. Approximately 1.5 x 10 5 cells adhered to each well. In the adherent cell population more than 95% cells were macrophages as determined by morphology, non-specific esterase staining and phagocytosis of latex beeds.
In vitro macrophage culture and treatment with TNFa & ICE inhibitor
The macrophage monolyaer (1.5xI0 5 cells/well) was cultured in medium alone or containing TNFa (500 p.g/ml) with or without ICE inhibitor YVAD-cmk (600 I-LM) for the indicated time intervals after which the cells were processed for different assays.
Estimation of cell viability
Cell viability was determined by standard trypan blue dye exclusion test. Marcrophages were grown on the covers hip and stained with trypan blue (0.3% in PBS) and observed under light microscope. Cells that did not exclude trypan blue were considered nonviable.
Morphological evaluation ofapoptotic macrophage
After the respective treatments macrophages on coverslip were air dried and fixed in 95% methanol. The cells were stained With Wright's stain solution mounted in glycerine and analyzed under light microscope at 450x magnification. Apoptotic macrophages were identified on the basics of morphological features that included contracted cell bodies, condensed uniformly circumscribed and densely stained chromatin; or membrane bound apoptotic bodies containing one or two nuclear fragments. The percentage of apoptotic cells was determined by counting more than 300 cells in at least three separate microscopic fields.
Quantitative estimation of DNA fragmentation Quantitative estimation of DNA fragmentation was done, using the method described by Sellins and Cohen (14) with slight modifications. Macrophages were lysed in 0.5 ml of lysis buffer (Tris-EDTA buffer, pH 7.4, containing 0.2% Triton-XI00 followed by centrifugation at 13,000 g in a microfuge tube (labeled as B). Supernatant was transferred to another tube (labelled as T). 0.5 ml of25% (v/v) trichloroacetic acid was added to T and B tubes, which were then vortexed vigorously. The tubes were kept overnight at 4°C for precipitation. The supernatants were discarded after centrifugation at 13,000 g for 10 min, and then DNA in each pellet was hydrolysed in 80 I-Ll of5 % trichloroacetic acid by heating in a water bath at 90°C for 15 min. 160 I.d of freshly prepared diphenylamine (150 mg diphenylamine in 10 ml of glacial acetic acid, 150 J.1l of concentrated H 2S04 and 50 J.1l of acetaldehyde solution) was added and the tubes were allowedto stand overnight at romm temperature to develop colour. 100 J.11 of this coloured solution was transfered to 96-well flat bottom ELISA plate and absorbance was measured at 600 nm on an ELISA microplate reader. The % of fragmented DNA was calculated using the formula: T Percentage of fragmented DNA =---x 100 in viability when incubated in medium alone upto 24 h. Macrophage treated with TNFa (10 nM) showed a significant decrease in the viable cell count depending on the duration of treatment. An apparent decrease of viability was observed by 6 h of TNF a treatment which declined further upto 2.6% by 24 h. Addition of ICE inhibitor (YV ADcmk) (500 ug/ml) along with TNF completely abrogated the effect of TNF on the viability of macrophages. YVAD-cmk alone did not have any effect on macrophage viability (data not shown). T+B where T = absorbance of fragmented DNA, and T+B =absorbance of total DNA.
RESULTS
Effect of TNF treatment on the viability of macrophages
We checked the time kinetics of the effect of TNF on the viability of macrophages (Fig. 1) .
Untreated macrophages did not show any change
Effect of TNF treatment on the induction of apoptosis in macrophages
Next we checked if macrophages were induced to undergo apoptosis by treatment with TNF. Macrophages were incubated in medium alone or containing TNF (10 nM) or TNF plus YVAD-cmk (500 u.g/ml) for the indicated time intervals (Fig.2) morphology even when incubated in medium alone up to 24 h. A decrease in the apoptosis of TNF treated macrophages to basal level was observed when YVAD-cmk was present alongwith TNF in the culture medium.
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TNF treated macrophages show increased DNA fragmentation
The DNA fragmentation of untreated macrophage or those treated with TNF or TNF plus YVAD-cmk are shown in Fig.3 . Little DNA fragmentation was observed when macrophages were incubated in medium alone upto 24h. However, TNF (10 nM) treated macrophages showed a significant increase in the DNA fragmentation depending on the time of treatment and maximum % DNA fragmentation was observed at 24 h TNF treatment. Addition of YVAD-cmk (500 u.g/ml) along with TNF reversed the effect of TNF on DNA fragmentation and the level of % DNA fragmentation became equal to that of untreated control.
DISCUSSION
TNF is a pleiotropic cytokine produced by activated macrophages showing a wide range of cytotoxic effects on tumor target cells by directly or indirectly inducing apoptotic cell death (7). The mechanism ofTNF-induced apoptosis is defined to some extent as the TNF receptors have been shown to be associated with 'death domains', inducing the signal transduction events culminating in the manifestation of apoptotic morphology (1,3). Although macrophages produce TNFa and also express its receptors through which TNF-mediated autocrine effects on macrophage are manifested, it is unclear ifTNFa can induce activation-associated apoptosis in macrophages (15) . In the present investigation we observed a sharp decline in the viability of macrophage on incubation with TNF a in vitro, indicating the induction of cell death of macrophages under such treatment conditions. However, no comments could be made regarding the mode of cell death, solely on the basis of viability test. Therefore, subsequent experiments were conducted to determine the mode of cell death to investigate if the TNF-treated macrophages were dying due to the induction of apoptosis or simply due to necrosis. Morphological evaluation of TNF treated macrophage completely ruled out the occurence of necrosis because most of the dying cells exhibited typical morphology of apoptotic cells as determined by different quantitative and qualitative confirmatory tests of apoptosis. On the basis of these observations it is suggested that the decline in cell viability of macrophages upon treatment with TNF in vitro is due to the induction of apoptosis in these cells. Although the mechanism of such action of TNFinduced apoptosis of macrophages remains unclear, some of the possibilities can be discussed. Investigating the mechanism of the induction of apoptosis by TNF in tumor target cells, other workers have reported that TNF-mediated actions involve signal transduction induced at the level of TNF-R. It is more likely that signaling molecules immediately downstream of receptor TNFR eventually lead to the activation of an ICE (16) . The cleavage of PARP which is kbown to be involved in sensing and repairing of damaged DNA is catalyzed by ICE related protease during activation of apoptosis by decreasing the consumption ofNAD and ATP, an energy source required for completion of the process (21) . Considering the utmost importance of the protease ICE in the apoptosis pathway induced by TNF in different cell types, we in the present study also investigated the role of ICE in TNF-induced apoptosis in macrophages (17) .For this macrophages were treated with TNF in the presence of a specific ICE inhibitor (YVAD-cmk), which possibly acts by cleaving poly (ADP-ribose) polymerase (PARP) (18, 19) . Since ICE inhibitor completely abrogated TNFa induced apoptosis in macrophages, it is suggested that such apoptosis was solely dependent on the activity ofICE, which in turn may be linked to the signal transduction cascade of events originating through TNF-R death domains (12) . The next question was if the induction of apoptosis is a direct effect of the action of TNF through its receptors on macrophages or is also partially dependent on the release of other mediators by TNF-treated macrophages. Treatment of macrophage with TNF in the presence of antibodies to TNF inhibited the TNF-dependent induction of apoptosis while treatment with NMMA, an inhibitor of iNOS responsible for production ofNO (20) did not reverse the TNF-induced apoptosis effects (data not shown). These observations, therefore, suggest that the action of TNF in induction of apoptosis in macrophage is a direct phenomenon mediated via the involvement of its receptors. Although more investigation will clarify the mechanism of the induction of apoptosis in macrophage by TNF, the study is of unique significance as it reports that TNF induced apoptosis in macrophages is dependent on the activity of ICE.
